The role of Jun transcription factor expression and phosphorylation in neuronal differentiation, neuronal cell death, and plastic adaptations in vivo.
1. To investigate the role of the Jun transcription factors in neuronal differentiation, programmed neuronal cell death, and neuronal plasticity, we used phosphorothioate oligodeoxynucleotides (S-ODN) to inhibit selectively the expression of c-Jun, JunB, and JunD. 2. We have shown previously that in contrast to c-Jun, the JunB and JunD transcription factors are negative regulators of cell growth in various cell lines. Here we confirm this finding in primary human fibroblasts. 3. c-Jun and JunB are counterplayers not only with respect to proliferation, but also in cell differentiation. Since JunB expression is essential for neuronal differentiation, we analyzed possible posttranslational modifications of JunB after induction of PC-12 cell differentiation by nerve growth factor (NGF). 4. JunB was strongly phosphorylated after induction of PC-12 cell differentiation with NGF but not after stimulation of cell proliferation with serum. Thus, while cell proliferation is associated with c-Jun phosphorylation, cell differentiation is correlated with JunB phosphorylation. This supports the finding that c-Jun and JunB play antagonistic roles in both proliferation and differentiation. 5. The JunB transcription factor together with the c-Fos transcription factor is also induced in vivo in the suprachiasmatic nucleus (SCN) of rat brain after a light stimulus that induces resetting of the circadian clock. 6. Using antisense oligonucleotides injected into the third ventricle, we selectively cosuppressed the two transcription factors in vivo as shown by immunohistochemistry. Expression of c-Jun, JunD, and FosB was not affected. Inhibition of JunB and c-Fos expression prevented the light-induced phase shift of the circadian rhythm. In contrast, rats injected with a randomized control oligonucleotide showed the same phase shift as untreated animals. 7. In primary rat hippocampal cultures, anti-c-jun S-ODN selectively inhibited neuronal cell death and promoted neuronal survival. This indicates a causal role of c-Jun in programmed neuronal cell death. 8. These findings demonstrate the essential role of inducible transcription factors in the reprogramming of cells to a different functional state. Jun transcription factors play an essential role not only in fundamental processes such as cell proliferation, differentiation, and programmed neuronal cell death, but also in such complex processes as plastic adaptations in the mature brain. The inhibition of neuronal cell death by anti-c-jun S-ODN shows the great therapeutic potential of selective antisense oligonucleotides.